Marta, CC, Marinho, DA, Barbosa, TM, Carneiro, AL, Izquierdo, M, and Marques, MC. Effects of body fat and dominant somatotype on explosive strength and aerobic capacity trainability in prepubescent children. J Strength Cond Res 27(12): 3233-3244, 2013-The purpose of this study was to analyze the influence of body fat and somatotype on explosive strength and aerobic capacity trainability in the prepubertal growth spurt, marked by rapid changes in body size, shape, and composition, all of which are sexually dimorphic. One hundred twenty-five healthy children (58 boys, 67 girls), aged 10-11 years (10.8 6 0.4 years), who were self-assessed in Tanner stages 1-2, were randomly assigned into 2 experimental groups to train twice a week for 8 weeks: strength training group (19 boys, 22 girls), endurance training group (21 boys, 24 girls), and a control group (18 boys, 21 girls). Evaluation of body fat was carried out using the method described by Slaughter. Somatotype was computed according to the Heath-Carter method. Increased endomorphy reduced the likelihood of vertical jump height improvement (odds ratio [OR], 0.10; 95% confidence interval [CI], 0.01-0.85), increased mesomorphy (OR, 6.15; 95% CI, 1.52-24.88) and ectomorphy (OR, 6.52; 95% CI, 1.71-24.91) increased the likelihood of sprint performance, and increased ectomorphy (OR, 3.84; 95% CI, 1.20-12.27) increased the likelihood of aerobic fitness gains. Sex did not affect the training-induced changes in strength or aerobic fitness. These data suggest that somatotype has an effect on explosive strength and aerobic capacity trainability, which should not be disregarded. The effect of adiposity on explosive strength, musculoskeletal magnitude on running speed, and relative linearity on running speed and aerobic capacity seem to be crucial factors related to training-induced gains in prepubescent boys and girls.
INTRODUCTION
D uring the past decade, physical activity participation among young people has decreased considerably and is now below the World Health Organization (WHO) recommendations for health status and well-being (40) . Additionally, secular trends in physical fitness revealed a decrease in the performance on several physical fitness tests (26) . Many children and adolescents are only exposed to vigorous physical activity during school-based physical education classes (7) , and the majority of them do not participate in any organized physical activity during nonschool hours (3) . Thus, it is important to ensure that during these classes students are exposed to physical activities that promote health-related physical fitness development and an active lifestyle. School seems to provide an excellent setting to promote physical activity and enhance physical fitness levels (36) by implementing training programs (24) . Low aerobic capacity is associated with cardiovascular disease risk factors in children (2) ; therefore, a great deal of research has focused on activities that enhance cardiorespiratory fitness, disregarding, for instance, neuromotor fitness and muscular strength (4) . However, strength training for youth has been recognized as a safe and effective component of youth fitness programs, health promotion objectives, and injury prevention (11) . Improvements in muscular fitness and speed/agility can also have a positive effect on skeletal health (30) ; thus, the inclusion of both aerobic and muscular fitness components within a school-based training program is highly desirable (37) . Faigenbaum et al. (11) identified several factors that need consideration to maximize the benefits of training in children and adolescents, which include the program design, appropriate supervision, instruction quality and control learning, gender, age, and maturity. Regardless of these items, individual physical characteristics (e.g., body composition and somatotype) could also influence training-induced adaptations. According to Marshall and Tanner (25) , peak height velocity (the greatest rate of height increase) and pubertal growth spurt occur at pubic hair stages 3-4 in boys, but might occur slightly earlier in girls (;Tanner stage 3). The children analyzed in this study, aged 10-11 years and located in Tanner stages 1-2, are considered prepubescent (21) , designated in some studies as "early adolescents" (10) . During this developmental stage, which precedes peak height velocity, the children show very great growth (about 20% of adult height), with large metabolic costs, which lead to a decrease in the general resistance of the body (21) . At this period, the growth and the great dimensional increase are not accompanied by muscle development because the effects of circulating androgens, particularly testosterone, only manifest themselves at puberty (32) , which confers on the child a degree of weakness and hypotonia (21) . Also, there is marked increase in subcutaneous adipose tissue during this period, which is greater in the trunk than in the limbs, and more pronounced in girls (21) . Thus, it seems relevant to analyze, in the age group studied, characterized by rapid changes in child development, the effect of body fat, which represents an inert load, noncontributive, associated with an increased metabolic cost (28) , and somatotype, which expresses genetic determinism, observed from the morpho-constitutional point of view (21) , on training-induced strength and aerobic gains. An analysis of changes in morphological typology of children during growth shows that in prepuberty boys tend to show a slight increase of the mesomorphic (relative muscleskeletal magnitude) values, and girls show an increase of the endomorphic (relative adiposity) and a slight reduction of the ectomorphic (relative thinness) values (22). These factors may influence the execution of the planned exercises, training intensity, and recovery of the performers, resulting in different effects of applying a particular training program. Additionally, both body fat and somatotype are significantly associated with the level of physical fitness achieved (9, 15) and appears to influence the development of a training program in children and adolescents (11) . Moreover, according to Ignjatovic et al. (14) , it would be logical to assume that young people who are stronger and more powerful would have an advantage with regard to strength training, so it will be interesting to verify this presupposition, given that during preadolescence the neural adaptations are those primarily responsible for training-induced strength gains (32) .
The purpose of the present study was to analyze the influence of body fat and somatotype on the training of explosive strength and endurance in prepubescent children. It was hypothesized that during this dynamic period of development, marked by rapid changes 
METHODS

Experimental Approach to the Problem
A randomized controlled trial was conducted at the Santa Clara school cluster (Guarda, Portugal). Inclusion criteria were children aged 10-11.5 years (fifth and sixth graders), with no chronic pediatric diseases or orthopedic limitations, performing no regular oriented extracurricular physical activity (e.g., practicing sport at a club). To minimize the effects of growth, only children who were self-assessed as being in Tanner stages 1-2 were selected for the sample. From the initial sample of 151 students who fulfilled the inclusion criteria, only 134 volunteered to participate. Groups were determined using a random number generator (R Foundation for Statistical Computing version 2.14, Vienna, Austria) and resulted in the following assignments: strength group: 20 boys and 24 girls; endurance group: 25 boys and 26 girls; and control group: 18 boys and 21 girls. This procedure was established in accordance with the "CONSORT" statement (http://www.consort-statement.org/). The proportion of participants successfully completing the protocol was 93% (strength training), 88% (endurance training), and 100% (control group). Thus, analysis was conducted on the remaining 125 children (strength training: 19 boys and 22 girls; endurance training: 21 boys and 24 girls; and control group: 18 boys and 21 girls, which followed the physical education classes curriculum, without a training program). In Portugal, a physical education class has a set of 45 minutes and another set of 90 minutes twice a week. Typical physical education classes include various activities, in which boys and girls participate simultaneously, with a clear pedagogical focus, but mainly for the purpose of promoting levels of physical activity and physical fitness of students. Usually, these classes start with jogging run during 10 minutes to general warm-up, proceed to joint mobilization and general stretches. After that the class is divided into 2 or 3 proficiency level groups to start the main activities/sports of the class. Before training, subjects warmed up for approximately 10 minutes with low to moderate intensity exercises (e.g., running, stretching, and joint specific movements). Joint rotations included slow circular movements, both clockwise and counterclockwise, until the entire joint seems to move smoothly. Stretching exercises included back and chest, shoulders, and side stretch, as well as quadriceps, calf, groin, and hamstring stretches. At the end of the training sessions, subjects performed 5 minutes of static stretching exercises. After the warm-up, the strength group performed an explosive strength training program comprising upper body (1-and 3-kg medicine ball throws) and lower body (jumps onto a box and hurdle jumps, from 0.3 to 0.5 m) plyometric exercises, as well as a speed drill (sets of 20-to 40m speed runs). This type of exercises enables the muscles to achieve maximum force in the shortest possible time interval and is used by most coaches in workout routines as a way of increasing explosive power (6). Chu et al. (6) are of the opinion that plyometric training is more effective in the production of power than other types of exercise. This type of training is believed to prepare the neuromuscular system for the demands of strength training by activating additional neural pathways and enhancing the neuromuscular system to achieve a greater degree of readiness (19) and is safe and effective for prepubertal children provided that age-appropriate training guidelines are followed (16) . The endurance group performed 20-m shuttle run exercise. This endurance task was developed based on an individual training volume-set to about 75% of the established maximum aerobic volume achieved on a previous test. After 4 weeks of training, endurance group subjects were reassessed using 20-m shuttle run tests to readjust the volume and intensity of the 20-m shuttle run exercise. Each session lasted approximately 45 minutes (strength training) and 20 minutes (endurance training). The rest period between sets was 1 minute and between exercises was 2 minutes. Before the start of the training, subjects completed 2 familiarization sessions to practice the drill and routines they would further perform during the training period (i.e., power training exercises and 20-m shuttle run test). During this time, the children were taught about the proper technique on each training exercise, and any of their questions were properly answered to clear out any doubts. In the course of conducting training, there was a constant concern to ensure the necessary security and maintenance of safe hydration levels, as well as to encourage all children to do their best to achieve the best results. Clear instructions about the importance of adequate nutrition were also delivered. All measurements were made in the morning, 3 hours after breakfast. Training programs were also conducted 3 hours after meals.
The instructor-to-child ratio was 1:11, slightly above the limit recommended by Faigenbaum et al. (12) (1:10). However, free weights or weight/hydraulic machines were not used in the training, but only medicine balls and body weight exercises, which facilitated the supervision process. The same researcher conducted the training program and the anthropometric and physical fitness assessments. Throughout pre-and experimental periods, the subjects reported their non-involvement in additional regular exercise programs for developing or maintaining strength and endurance performance. There were no injuries resulting from the implementation of the training programs. A more detailed analysis of the program can be found in Table 1 .
Subjects
Prepubescent children (n = 125), aged 10-11.5 years, all of whom volunteered for this study. Before data collection and the start of the training, each participant reported any health problems, physical limitations, physical activity habits, and training experiences for the past 6 months. The selected children were in the Tanner stages 1-2 (boys: stage 1, 81% and stage 2, 19%; girls: stage 1, 53.7% and stage 2, 46.3%). No subject had regularly participated in any form of strength training program before this experiment. Subjects were carefully informed about the design of the study, and subsequently the children's parents signed an informed consent document before the start of the study. The study was conducted according to the declaration of Helsinki and was approved by the institutional review boards of the University of Beira Interior (UBI) and Research Centre in Sports, Health and Human Development (CIDESD), Portugal. Anthropometric and morphological parameters and physical performance measures were evaluated for all subjects in pretest ( Table 2) .
Procedures
Anthropometric and Morphological Measurements. All anthropometric measurements were assessed according to international standards for anthropometric assessment (23) and were carried out before any physical performance test. The Ltd., Luton, United Kingdom], range: 0-80 mm, measurement pressure: 10 g$mm 22 ) following the method described by Slaughter et al. (35) . As such, triceps and sub-scapular skinfolds were determined by internationally recommended methods (23) . The principal components of the morphological typology, endomorphic, mesomorphic, and ectomorphic, were calculated using the method described by Heath-Carter (13) . To assess maturational development in both girls and boys, the Tanner Scale (38), based on external primary and secondary gender characteristics, was used. Because of natural variation, individuals progress through the Tanner Stages at different rates, depending, in particular, on the timing of puberty. Children were self-assessed (8) in Tanner stage 1 (Boys: testicular volume 1.5 ml; small penis, 3 cm long or shorter; no pubic hair at all. Girls: breast without glandular tissue; areola follows the skin contours of the chest; no pubic hair at all) and Tanner stage 2 (Boys: testicular volume between 1.6 and 6 ml; skin on scrotum thins, reddens, and enlarges; penis length unchanged; small amount of long, downy hair with slight pigmentation at the base of the penis and scrotum. Girls: breast bud forms, with small area of surrounding glandular tissue; areola begins to widen; small amount of long, downy hair with slight pigmentation on the labia majora).
Testing Procedures. Groups were assessed for upper-and lower-body explosive strength, running speed, and aerobic fitness before and after 8-week training program. Each subject was familiarized with all tests. All data collection was performed by the same investigator.
Counter Movement Vertical Jump. This test was conducted on a contact mat connected to an electronic timer, control box, and handset (Globus Ergojump, Codogne, Italy). From a standing position, with the feet slightly apart and the hands placed on the hips, the children performed a counter movement with the legs before jumping. Such movement makes use of the stretch-shorten cycle, where the muscles are prestretched before shortening in the desired direction (20) . Each participant performed 3 jumps and the highest jump (cm) was recorded (intraclass correlation coefficient [ICC] = 0.94).
Standing Long Jump.
This test was assessed using EUROFIT test battery (1). The participants stood with their feet slightly apart behind a starting line and jumped forward as far as possible. Three trials were conducted, and the furthest distance was measured in centimeters from the starting line to the heel of the foot nearest to this line (ICC = 0.94).
Medicine Ball Throwing.
This test was performed according to the protocol described by Mayhew et al. (27) . Subjects were seated with the backside of the trunk in touch with a wall. They were required to throw 1 kg (model VMB-001R; Vinex, Bhalla International-Vinex Sports, Meerut, India, perimeter 0.72 m) and 3 kg (model VMB-001R; Vinex, perimeter 0.78 m) medicine balls forward for maximum distance. Hip flexion was not allowed, nor removal of the torso from its position against the wall. Three trials were conducted, and the furthest throw was measured from the wall to initial ground contact (ICC = 0.94-0.97).
Twenty-Meter Sprint Running. In a track measuring 20 m in length, subjects were required to cover the distance in the shortest time they could. Time to run 20 m was obtained using photocells (Brower Timing System, Fairlee, VT, USA). Three trials were performed, and the best time scored was registered (ICC = 0.97).
Twenty-Meter Multistage Shuttle Run. This test
involved continuous running between 2 lines 20 m apart in time to recorded beeps. The subjects ran between the 2 lines, turning when signaled by the recorded beeps. After about 1 minute, a sound indicates an increase in speed, with the beeps closer together. The beeps sound every minute (level). The standard version with an initial running velocity of 8.5 km$h 21 and increments of 0.5 km$h 21 each minute (17) was used. When the participants failed to reach the line on 2 consecutive occasions, they were stopped, and the number of completed 20-m laps was recorded. Estimated V _ O 2 max (ml$kg 21 $min 21 ) was calculated by the Léger's equation (17) (ICC = 0.97).
Statistical Analyses
Standard statistical methods were used for the calculation of the means and SDs. Normality of distribution was checked by applying the Kolmogorov-Smirnov test. The within-subject reliability of endurance and power tests was determined by the ICC. The training related effects in the control and experimental groups were assessed using a paired-samples t-test. Binary logistic regression analysis was also carried out to show probabilities/odds ratios (ORs) between somatotypes and performance variables. For each performance variable, a new dichotomous variable was created taking the value 1 when there was a gain from pretraining to posttraining and 0 if no gain occurred between the 2 moments. Statistical analyses were carried out by using the statistical packages for SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA). The statistical significance was set at p # 0.05.
RESULTS
At baseline, there were no differences between the control and experimental groups for any of the performance tests. After 8-week training, there were improvements in all strength and endurance measures for both boys and girls (Figures 1-6 ). Training-induced strength gains ranged from 2.90 to 8.30% in the boys and from 2.25 to 8.10% in the girls. In both boys and girls, the poorest gains were in the time-at-20 m ( Figure 5 ) and the best ones in the 3-kg medicine ball throwing ( Figure 4) . The training-induced V _ O 2 max gains ranged from 3.06% (girls) to 8.30% (boys). No significant changes were observed in the CG group (p . 0.05).
As a result of binary logistic regression analysis, it was observed that the endomorphic component (OR, 0.10; 95% confidence interval [CI], 0.01-0.85) may have an influence on the vertical jump gains. The 1-unit increase in this component reduces by 10 times the probability of a traininginduced gain. The mesomorphic (OR, 6.15; 95% CI, 1.52-24.88) and ectomorphic (OR, 6.52; 95% CI, 1.71-24.91) components may have an influence on improvements in sprint ability. The 1-unit increase in the mesomorphic component increases by 6.2 times the probability of a traininginduced gain, and the increase by 1 unit in the ectomorphic component increases by 6.5 times the probability of a training-induced gain for this variable (Table 3) .
Children belonging to the strength training group were 11.7 times more likely to show training-induced horizontal jump gains (OR, 11.72; 95% CI, 2.55-53.83), 23.8 times more likely to show training-induced 1-kg ball throw gains (OR, 23.82; 95% CI, 4.46-127.07), about 53 times more likely to show training-induced 3-kg ball throw gains (OR, 53.01; 95% CI, 4.46-127.07), and about 62 times more likely to show training-induced sprint running gains (OR, 61.98; 95% CI, 7.47-514.4) ( Table 3) .
Children belonging to the endurance training group were 13.3 times more likely to show training-induced gains in aerobic fitness (OR, 13.38; 95% CI, 3.02-59.27). The ectomorphic component (OR, 3.84; 95% CI, 1.20-12.27) showed an influence on aerobic fitness gains. The 1-unit increase in this component increases by 3.84 times the probability of a training-induced gain for this variable (Table 4) .
Additionally, it seems that the variable "sex" did not have an influence on training-induced strength or endurance changes (Tables 3 and 4 ). Figures 7-11 show the estimated beta coefficients, associated with the predictors of the logit of the probability of gain, for each dependent variable. The estimated ORs of each predictor variable correspond to the exponentiation of each associated beta coefficient. The beta coefficients allow for the analysis of the positive or negative effect of the dependent variables on the probability of gain by the corresponding signal (negative reduces likelihood and positive increases likelihood). Analysis is performed using ORs by comparing these effects with the unit (.1 increases likelihood and ,1 decreases likelihood). Body fat did not influence training-induced explosive strength gains (Figure 7 ). An increase in endomorphy decreases the likelihood of gain in the vertical jump ( Figure 8 ). An increase in mesomorphy and ectomorphy increased the likelihood of gain in sprint running (Figures 9 and  10 , respectively). An increase in ectomorphy increased the likelihood of gain in the aerobic fitness ( Figure 11 ).
DISCUSSION
The aim of this study was to analyze the influence of body composition and somatotype on the training of explosive strength and endurance in prepubescent children aged 10-11 years. The findings indicate that somatotype has an impact on various components of physical performance. Specifically, endomorphy may have a negative influence on vertical jump gains, mesomorphy may have a significant positive influence on sprint running gains, and the ectomorphic component may be positively associated with sprint running and aerobic capacity gains. It does not appear that sex influenced the training-induced adaptations in explosive strength or aerobic capacity. These findings highlight the importance of morphological typology and seem to suggest that the limits imposed by what is a manifestation of genetic determinism, observed from the morphoconstitutional point of view, should not be disregarded because the preponderance of body fat, musculoskeletal development, and relative linearity can be crucial factors affecting training-induced strength and aerobic capacity gains in prepubescent children.
As expected, the strength group improved explosive strength of upper and lower limbs and 20-m sprint performance, indicating that implementation of a strength training program at school can be a positive stimulus to enhance explosive strength in healthy prepubescent children. The current results also showed enhancement in aerobic capacity, highlighting the potential for endurance training programs in untrained boys and girls. These findings were consistent with the results of previous studies conducted with children and adolescents, in which strength and endurance training programs were conducted (33, 34) .
Despite, the beneficial changes in physical performance endomorphy were negatively associated with traininginduced gains for vertical jump. The body fat associated with endomorphy represents an inert noncontributory load and thus an increased metabolic cost for children (28) , making them less efficient in tasks in which the body must be projected (9) . On the contrary, the relative linearity associated with ectomorphy (21) had a positive contribution on the training response involving propulsion tasks and cardiorespiratory response. Because of the negative effect of body weight on these tasks, the ectomorphic component has the advantage (15) , because it is based on weighting index, that is, the quotient of height by the cube root of body weight (21) . Chaouachi et al. (5) also reported the greatest gains in aerobic capacity for individuals with ectomorphy dominance. Mesomorphy had a favorable impact on the training response involving sprint running. This primary component of the somatotype indicates robustness and therefore associates positively with strength and motor performance in general (21) . The fundamental role of relative musculoskeletal magnitude on sprint running was also reported by Jak si c and Cvetkovi c (15) in a neural network analysis of somatotype differences related to motor abilities. Regarding the lack of association between the mesomorphy and traininginduced strength gains, it should be taken into account that during preadolescence neural adaptations and intrinsic muscle adaptations are primarily responsible for traininginduced strength gains in this age group (31, 32) . A better motor coordination of the involved muscle groups may also play a significant role (31) . These facts are corroborated by the results of some studies in the literature that reported no significant associations of strength training with increases in gross limb morphology (31, 32) . There is evidence that by prepuberty there already exists a fairly stable somatotype, pointing to 8 years as the age by which somatotype stability becomes manifest (21, 22) . However, an analysis to changes in morphological typology of children during growth shows that in prepuberty boys tend to show a slight increase of the mesomorphic values and girls show an increase of the endomorphic and a slight reduction of the ectomorphic values, whereas the mesomorphic component does not change significantly (22); so, the effect of the somatotype on the traininginduced gains can be even more evident in this age group.
Comparison between the 2 sexes revealed no effect on training-induced strength or aerobic fitness adaptations. These data corroborate the results of previous studies conducted with prepubescent children, which reported no significant differences in aerobic training response related to gender (29) . Aerobic training increased V _ O 2 max in children of both sexes, mediated by an improvement in maximum stroke volume (29) . Similar mechanisms, including loading conditions and cardiac morphology, seem to be involved, with both boys and girls, explaining such an improvement (29) . According to Vinet et al. (39) , during preadolescence there are no significant gender differences in maximal heart rate and arteriovenous oxygen, and although the stroke volume is significantly higher in boys than in girls, when expressed relative to lean body mass, the difference is no longer significant.
The observed similarity of adaptations for boys and girls for explosive strength is also consistent with the findings of previous studies conducted with prepubescent children (18) . Training-induced strength gains during and after puberty in males are associated with increases in fat-free mass because of the effect of testosterone on muscle hypertrophy. In contrast, smaller amounts of testosterone in females (resulting from enzymatic conversion of androgenic precursors in the adrenal gland) seem to limit the magnitude of traininginduced strength gains. However, during preadolescence, besides the small muscle mass of girls, boys still present reduced muscle mass because the effects of circulating androgens, particularly testosterone, only manifest themselves at puberty (32) .
Our findings suggest that school-based strength and endurance training programs seem to exert a positive impact on both explosive strength and cardiorespiratory fitness for prepubescent children. The effect of adiposity on explosive strength, musculoskeletal magnitude on running speed, and relative linearity on running speed and aerobic capacity seem to be crucial factors related to training-induced adaptations. Additionally, the data suggest that sex does not affect the training-induced changes in strength or aerobic fitness.
There are several limitations that should be considered: (a) the training period of 8 weeks is brief; (b) different training program designs or different methods of organizing training workouts can lead to different training-induced outcomes; (c) different methods of evaluating pretraining and posttraining muscular strength and aerobic capacity may also lead to data bias; (d) because of the methodological approach (i.e., no electrophysiological measures), it was not possible to clarify the underlying mechanisms responsible for the observed effects.
PRACTICAL APPLICATIONS
Children aged 10-11 years go through a dynamic developmental period marked by rapid changes in body size, shape, and composition. Children of this age, who share specific physical characteristics, often train together in physical education classes or as part of extracurricular activities. At this age, they attend the second stage of basic education school, and they are in the same training groups at sports clubs or in organized sports activities. Thus, it is useful for trainers and coaches to have a knowledge of the effect that factors such as body fat (which represents an inert load, associated with an increased metabolic cost) and morphological typology (such as the individual's characteristic shape) have on strength and aerobic capacity trainability, at a time of rapid changes such as the prepubertal growth spurt. The knowledge of the effect of body fat on explosive strength gains, musculoskeletal magnitude on the running speed, and relative linearity on running speed and aerobic capacity, as well as the knowledge that sex does not influence traininginduced explosive strength and aerobic fitness, can help to bring the training closer to the individual characteristics, and thus improving the results achieved. Also, this knowledge may be useful in allowing to the trainer to analyze and understand the results obtained in the process of assessment.
